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Condensing and Non-condensing Steam Jet Vacuum Pumps 

Water Inlet ' ·· Steam Inlet Water Inlet 
Steam Inlet , ___ .t __ 'l 

Suction 

Steam Inlet Steam Inlet 

Suction 

Based upon the use of auxiliary equipment, two and 
three-stage vacuum pumps can be either condensing or 
non-condensing types. Four, five, and six-stage units 
can also be non-condensing, but usually are condens­
ing types. 

Condensing Types (Fig. 3) have an intercondenser 
between ejectors that reduces steam consumption in 
later stages by ( 1) condensing first stage operating 
steam and condensable: vapors; and (2) cooling the 
air and other noh",condensables. The intercondenser 
may be a direct-contact barometric type, a low level 
type, or surface type. Pages 4, 5, and 6 contain addi­
tional details on the condensing type vacuum pump. 

W[len the condenser is mounted at barometric eleva­
tion, there is no possibility of the condenser or suction 
lines flooding should steam service be interrupted or 
loss of vacuum occur. 

A ground-level arrangement suitable for many appli­
cations is described on page 7. This type of steam jet 
vacuum' pump is ideal for use when service conditions 
prohibit locating condensers at barometric height. 

~H 

I I 
I I o· h 
I After r-- ISC ' ~- . 
1 Cond. I . 

l l F G. . Co-ndensing Pump. 
I I 
I I 
I I 

) 
\ I 

\ I 
'- _/ t Tail Pipe 

. Water Inlet 

r __ t_ __ , 
I I 
I I o· h 
1 

After r-+- 1sc . 
I Cond. I 
I I 
I I 
I I 
I I 
1 I 

I 
I 

\ I 
\ I 
'- ,/ 

f Tail Pipe 

FIG. 4. Non-condensing Pump. 

Non-condensing Types (Fig. 4) have the first stage. 
ejector discharging directly into the suction of the· 
second stage ejector and so on, using no condensers. 

Compared to the condensing type, this arrangement 
imposes a greater load on subsequent stages, requiring 
more operating steam and larger units following. Non­
condensing type vacuum pumps are used where con­
densers are not feasible, where initial cost is more 
important than operating cost, or when service is to 
be intermittent making operating cost a secondary 
consideration. 

Both col)densing and non-condensing types cm1 be 
supplied with aftercondensers. The aftercondenser 
condenses the operating steam and any condensable 
vapors before the .non-condensables are discharged 
to atmosphere. 

Except for units of low capacity or those used for 
intermittent service, condensing units are more eeoc 
nomical in operation than non-condensing types, al­
though initial cost may be higher. For photos of multi­
stage non-condensing vacuum pumps, refer to page 8. 
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Phr~.,e•' (.SOI}''S72-3701 P. 0. Box 2649 

TO: 
FROM: 

Eagle. River 'Chemical Corp. 
Highw~y 242 

WEST HELENA .. ARKANSAS 72390 

LARRY GRAYBILL 
LARRY CONAWAY 

May 29~ 1975 

SUBJECT: MAY 21 ~ 19 7 5 MEETING WITH MOBIL (NEE c·oNTRACT 
NEGOTIATIONS) 

In the course of our di~cussion with Mobil represen~a~ 
ti~es on the poisibility of our nitration of 3'chloro~ 
methyl-benzoate (CBE) to make 2'-nitr~-S'-chloro m~th~l 
benzoate (NEE)~ the write~ had the opportunity to ~crutinize 
Mobil's process flow sheet used in their NEE process. 
Although the Mobil NEE process is on a considerably larger 
scale than our proposed NEE process~ the information gained 
may prove quite useful in det~rmining what our material 
composition will be at various stages in the NEE process. 
You will find said data attdched. 

With respect to the composition of MODOWN~ the final 
product formed from NBE~ the writer was able to decipher 
the physical data charts given to Us by Mobil and come up 
with an educated guess as to MODOWN 'composition. By . 
correlating the vapor pressure and specific gravity in-. 
formation~ it was determined ~hat DCP~ an intermediaie of 
MODOWN~ is mdst likely 2'4'-dichlorophenol. Dimethyl 
formanide is mentioned and it is presumably used as a 
sol~ent in the proposed transesterification reaction: 

0 N ~O.a.M~ ~... NO~ 0 C.l :z; . . . C:.l 0Mt.THYL """"''"'«>£~ II ~ 
o. + o · 2) ) ~c.-o ~ci-..MaOH Cl · (OMf' . Cl 

Presu~ably the meJthanol would be distilled off as the 
transesterification progr~sses. This appears to be an 
easy reaction~ possibly catalyzed by mineral acid or ion 
e;change r~sin containin~ sulfonic acid groups. At the 
time of writing the mentioned information is all that 
the writer has. · In the near future the writer will try 
to find more pertinent information on MODOWN by utilizing 
chemical literature which is n~t available here at Eagle 
River. 

' ·--- ) . 
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· MOBIL NBE PROCESS DATA 

---~--

··-REACTOR CHARGE DATA-1 0,~ 000 GAL .. REACTOR/ . 

10,320 lb. 96.04% HN03 = 16 3. 2-8'4 lb-moles 
28,483 lb. 99.01% H2so4 = 2 8/?,:-5 31 lb-moles 

~ 2?,590 lb. 94.00% CBE ~= 152.022 lb-moZes 
5, 9'7 7 lb. 100% EDC = N/A lb-moles 

126 Zb. 100% NBE = 0.584 lb-moles . ' 

=: 

=: 

=: 

=: 

=: 

s 
I '6 ( , 

832,26 
1898. 8 7 
2759.00 

569.24 
N/A ga 7,. 

gat. 
gal. 
gal. 
gal. 

NOTES: 
1. 
2. 

NBE charged to reactor comes in with makeup EDC. 
Pur1;ties of components taken directly from Mobil 
NBE process flow s.•Ft·eet data. 

3. ?.74 mole% exces~'HN03 based on 100% CBE & ·· 
ig-no·ri-ng c.omposition of impurities in CBE. , ,' 

@ '1. 27 m~le % ex~ess ~N~3 bas.e,d on 94% pur{tfj 'CBE & 
· assum1.-ng CBB 1.-mpur1.-t1.-es to be the same ·M,W. as 

CBE and mononitratable. 
5. Theory yield= 32,791 lb. assuming no isomers of 

NBE formed. 

REACTION SPENT ACID BEFORE EXTRACTION WITH EDC 

26,821 Zb. H2S04 
185 lb. HN03 

2,821 lb. H20 
3,696 lb. NBE 

REACTION SPENT ACID AFTER EDC EXTRACTION 

·Jg5ZbHN03 
26,821 lb H2so4 

2,821 lb H20 
675 lb NBE = 3,13 lb moles· 
1?2 Zb other 

Trace lb. EDC ~ ~ 

CRUDE ORGANIC PHASE + EDC EXTRACTS TO STRIPPER 

160 lb CBE 
782 lb H20 

3?,116 lb EDC 
27,798 lb NBE = 

700flb other 

• (. (p 
. 1-' ?' 

128,93 Zb ... moles 
organics (Dinitro cmpds. + NBE isomers,etc,) 

NOTES: 
1, Overall degree of reaction= 99,38% compLete 
2. CaLculated NBE yield based on starting materials 

= 84.45% of theory . · · 
3 .. Purity of NBE stripped product based on stripper 

Fe~ data extrapozated to after stripping 
(removal of all H20/EDC) = ?9,51% pure 



May 26, 1975 

TO: J. W. Shackelford 

FROM: John Miles 

SUBJECT: Mobil Nitration Meeting - Richmond, Va. 5/20/75 

Mobil: 

John Ellington - Process Engineer - Mt. Pleasant, Tenn. 
John Randall - Manager - Process Engineering - Phosphorous Divisior 
Julien Wolfenbarger - Process Engineer - Phosphorous Division 
Don Faggart - Manager - Crop Chemicals Formulation 
T. Nichols - (Part-time) ~-'--- - rv'~/'-c)-s;:,~,t(,_ /-

Vertac: 

I. 

Larry Graybill - Memphis 
Larry Conoway - Eagle River 
John Miles - Eagle River 

Raw Material (Chloro ~enzyl ~ster) 

1. Raw material i.s .1!1-chlorornethylbenzoate 

0 
II 

C - OCH3 
I 

o'er 
2. Raw material will be shipped in T/C with steam coils. 

Stearn will be needed. at unloading spot to melt CBE. N2 
pressure unloading can be used. 

3. Typical shipment analysis 
95% CBE 
0.5% MeOH 
0.5% Dichloro CBE 
Balance - para & ortho CBE isomers 

4. Possible problem area - CBE with high acid number can 
caus.e chl-oride attack on stainless steel at temperatures 
in excess of 200°F. Acid number will need to be checked 
by lab on each T/C received. 

5. CBE will be valued at $15-20,000 per batch. 

II. Nitration Acid 

1. HN03 - 97% + 

2. H2S04 - 98% + 



. _, 

III. Solvent 

IV. 

1. Ethylene dichloride (EDC) - needs to be checked for 
MeOH - 0.5% max. 0 

II Nitrated Benzyl Este 
Nitration Reactor System C-OCH 3 

c=o H2S04 N0~6 
1. . 0' 'ocH3 + HN0 3 

>= I#, + 1/2 H20 
'c1 Cl 

2-nitro, 5-chloromethylbenzoate 

2. Reactor, reactor cooler, and associated pump and piping 
can be carbon steel if system is kept dry. 

3. 97% HN0 3 system can be aluminum 

4. Mobil recommends using calcium chloride brine in refrigera­
tion system instead of ethylene glycol due to hazardous 
condition if organic refrigerant leaks into reaction mix. 

5. Important reaction considerations 

A. Very intense agitation is required to prevent local­
ized over concentration of nitrating acid and possi­
bility of dinitro formation. Mobil will check or 
will supply information to check suitability of 
Pfaudler agitator we propose to use. Mobil has 
interlocks to stop acid feed and prevent acid feed 
and agitator restart in case of power failure or 
other agitator failure. Mobil recommends ammeter 
on agitator. 

B. Good reaction temperature control is necessary. 
Formation of the desired NBE isomer is favored by 
lower temperatures while increased reaction rate is 
favored by higher temperatures. Mobil recommends 
32°F operating temperature. They use dual electrical 
system with thermocouple for fast response of sensors 
and interlock which cuts off acid feed at 37°F. They 
also meter and control acid feed rate due to a tendency 
for reaction to take-off~ 

C. 1% excess of HN0 3 over molar quantities is recommended 
which should leave about 1% unreacted CBE. 

D. Tempered water is recommended for heat up prior to 
phase separation. 

E. Poor reaction can cause phase separation problems 
due to poor interface formation. 



v. Extraction System 

1. After nitration, the bottom acid layer can be drained 
from the reactor to the extraction tank for extraction 
with recycled and makeup EDC. 

2. For ambient temperatures extraction tank can be carbon 
steel. 

3. Acid contains 10-12% NBE prior to extraction 

4. Extracted acid contains 1-3% NBE, 1-2% EDC, and 
80-83% H2so4 

5. Spent acid is returned to Mobil via T/T or T/C 

6. Adequate separation time must be allowed in extraction 
to prevent spent acid recycle to reactor which can 
retard reaction rate and yield. 

VI. Neutralization 

1 .. Mobil recommends aqua ammonia rather than water plus 
gaseous ammonia sparge in order to minimize ammonia losses to 
vent. 

2. 

3. 

4. 

5. 

6. 

Ammonia.is recommended over caustic due to improved phase 
separation. 

pH is checked with litmus or hydrion paper 

Adequate water must be added to prevent formation of 
(NH 4 ) 2so4 crystals 

Aqeous (NH4) 2so4 waste is returned to Mobil via T/T 
or T/C. Eagle River will need a storage tank to hold 
waste. 

(~H4 > 2 so4 waste will contain 3-5% organics which can be 
mlnlmlzed by good operating technique and equipment design. 

VII. Distillation 

1. Carbon steel is suitable material of construction 

2. Column not necessary for distillation. Flash pot 
with overhead condenser is suitable. 

3. Mobil recommends steam jets for vacuum. They have had 
unfavorable experience on this process with vacuum pumps. 

~\ 



. .-... . . ;_~ 

4. Steam jet exhaust steam is condensed in hotwell and 
recycled to aqua ammonia wash step. 

5. Mobil recommends two stage distillation - down to 
150 mm Hg use cooling water on condenser; down to end 
point of 30 mm Hg & 275°F use refrigerated brine on 
condenser. 

6. Mobil has experienced no product degradation for heating 
up to 3000F. 

VIII. Product 

1. Product Quality: 85-86% NBE 
2 - 3% CBE 

2. NBE freezes 
and loading 
will supply 

0.5% EDC (Max.) 
B~lance other NBE isomers 

0 at 118 F, therefore product storage tank 
lines must be traced and insulated. Mobil 
steam heated T/C for product shipment. 

IX. Miscellaneous 

1. Mobil approves of Eagle River preliminary flow sheet. 
We will supply them a more detailed flow sfieet incor­
porating data from this meeting for their comment by 
June b, 1975. 

2. Mobil has supplied E~gle River with a quantity of 
physical property data per attachment "A". 

3. Mobil has revised and increased quantities in their 
proposed production schedule. 

Oct. 75 
Nov-Dec., 75 
Jan. 76 
Feb-Mar.76 
Apr,...Jan. 78 

300,000 
240,000 
370,000 
430,000 
500,000 

Total 13,010,000 lbs. 

Eagle River will supply Mobil a revised operating cost 
and capital expenditures estimate b~sed on the quantities 
by June 6, 1975. 

cc: Larry Graybill - Vertac, Memphis 
Ray Guidi - Vertac, Shreveport 
Larry Conaway - Eagle River 
Don Faggart - Mobil, Richmond 
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From the desk of 

R. M. FABIAN 
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l. 

.2, 

SUBTOTAL, RAW 

3. UTILITIES 

IYJ:.f.. 
ELECTRICITY 

STEAM 

'AATER 

::P.t??. ~ %/1 b?_sa _ _ 
U~ll T USAG~ / /_sl21_ I_Eg201 

(2.025- /;?oo 

/./So 1,_~3 
o. 06c;. 

0. 4-~ d,.S 

~AT.ERIAL5 & FUEL 

UNIT USAGE 

UN!_12 i=OST !_·_ 

s . 

o:ot/4-
o.ooos 
o. ooo~ 

?J.e:>oo + 
o. o~/ 6 
~· ea I 

$ 

s 

\___---~--- -------' --- _______ _.,-

s 
'4, 

5. 

6. 

SUDTOTAL,' UTILITIES / 

OPEftA';tiNG LADO_!! s3 ove•/slldi-± ~ p?d1i"'a 
ROY A1.IT!ES t.. ~ENT ALS S . I 

iO./"f=/ 

BURDEN 

A. 

B. 

c. 
D. 

. E. 

REPAIR LABOR } 

REPAIR SUPPLIES y 
OPERATING SUPPLIE 

SUPERVISION 

I rm I R E C T PAY R 0 l L 

SUBTOTAL. BURDEN 

7. FIXED AND SERVICE COSTS 

8, 

9, 

10 • 

. 11. 

12. 

A. 'GENERAL WORKS EXPF.IIS£·. ltiCL. TAXES l'c INS. M . 
E1. DEPRECIATION ( ';//0 ,In /r) 
C. LABORATORY · /.J!SI . 
D • ..fn~rt!._d-(5} /p:? r:s.s-,/_"'"8'1.-) 
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AMENDATORY AGREEMENT 

THIS AGREEMENT, made as of January 1, 1~77, by and between 

Mobil Chemical Company, a division of Mobil Oil Corporation, a 

New York corporation, hereinafter called "Mobil", Vertac, Inc., 

a Texas corporation, hereinafter called flVertac" and Eagle River 

Chemical Corporation, an Arkansas corporation, hereinafter called 

"Eagle River", 

W I T N E S S E T H: 

WHEREAS, Vertac·and Mobil entered into an agreement dated. 

September 1 '· 197 5, (hereinafter the "Agreement") concerning the 

manufacture for Mobil of NBE, as defined therein; and 

WHEREAS, the manufacturing operations contemplated by the 

Agreement have been performed by Eagle River, a wholly owned sub-

sidiary of Vertac, and 

WHEREAS, the parties desire to amend the Agreement and to 

effect an assignment of Vertac'sinterest in the Agreement to 

Eagle River: 

NOW, THEREFORE, in consideration of the premises, the parties 

agree as follows: 



1. Vertac hereby assigns to Eagle Rivet its entire interest in 

the Agreement, Eagle River accepts such assignment and Mobil 

consents to it. Vertac unconditionally guarantees Eagle. 

River's full performance of all of the obligations originally 

assumed by Vertac under the Agreement and all of the obliga-

tions assumed by Eagle ·River hereunder. Verta.c agrees to 

hold Mobil harmless from and to indemnify it against all cost, 

loss, liability, and expense (including reasonable aftorneys' 

fees) which results from any breach of the Agreement by Eagle 

River. 

2. The Agreement is amended as follows: 

2.1 Section a is deleted and replaced with the following: 

"The parties agree that the yields to be 

achieved by the Contractor will be the 

_yields set forth in Appendix D attach~~ 

hereto. If the average yield with respect 

to any of the Materials during any calendar 

guart~r is below those set forth in 
;· . 

Appendix D, Contractor ~ill give Mobil 

the opportunity to review. Contractor 1 s 

operations and will cooperate fully 

with Mobil in attempting to increase 

yields. If, within such period of time 

as Mobil deems reasonable, the yields 

have not reached the levels set fo~~h 

in Appendix D, Mobil, without any 

liability, may terminate this contract 

.on written netic~ to Contractor." 

'· 



2.2 Section 12 is deleted and replac~d ~ith the following: 

"To the extent that Mobil makes available 

Materials in accordance with the terms of 
. . 

ihis Agreement, the Cont~adtor, beginning 

on January 1, 1977, shall manufacture and 

)' 
riP~' 

deliver to Mobil such quantities of NBE as 

are ordered by Mobil, provided that the 

Contractor shall not be obligated to supply y .· .. 
~ ~ ··. ~-··----'-m_o_r_._e_t_h_a_n_, 6, 000,000 pounds during any cal-

f~ p ·· endar year;\ without its prior written consent." 

~- 2.3 Section 20 is deleted and each subsequent section is 

renumbered accordingly. 

2.4 The original section 25 (no~ section 24) is deleted 

• and replaced with the following-:.· 

"The term of.this Agreement shall commence 

on the date first written above and shall 

terminate on December ·3ll 1979 unless ex­

tended-pursuant to the next sentence or 

terminated pursuant to section 20 or Ap-

pendix B. Mobil, on written notice ~~t:rJt .Q....0 of: I CJ1/ 
to Contractor.not later than 90 days may .. 

extend the term of this Agreement through 

December 31, 1980 and Mobil, on written 

notice delivered ko C~n~ractor not later 
~D \--tifu,_ '-\--W R.J.[) o~ I 9 (5' G 

·than 90 days;may extend the term of this 

Agreement through December 31, 1981." 

./ . 



2.5 The following is added to the Agreement as section 26: 

"a) Contractor will not sell or convey any 

interest in its fac~lities for the 

manufacture. of NBE except ·in a bona fide, 

arm's length~ cash sale of ~ll of said 

facilities·and after first having given 

Mobil the opportunity to purchase said 

facilities for the price and on the · 

terms and conditions available·from the 

prospective purchaser. Contractor will 

notify Mobil in writing of the identity 

of the prospective purchaser and the price 

and terms and conditions offered by it. 

Mobil will have 90 days after receipt of . -

said notice to exercise its right.of firsb 

-
refusal by purchasing the facilities for 

such price and on such terms and conditions. 

b) I event Mobil terminates this Agreemen 
1._r;r;,. 

to section j1 Mobil shall have he 

right urchase Contractor's facil' ies 

th 'r 

on Contrac r's books. 

Upon any such termi tio , Contractor will 

provide Mobil 

the chief executi of Contractor. 

·setting forth and 

of how such value as 

Mobil may exercise the o tion 

for in this section 26 b) by 
·~ \ 

\ 



of 
il reasonably may r~quire." 

2.6 Appendix B attached to the Agreement is deleted and 

replaced with the Appendix B attached hereto. Ap-

pendix D attached hereto shall become Appendix D 

to the Agreement. 

3. All other terms and conditions of the Agreement shall remain 

in full force and effect ~s written. 

IN WITNESS WHEREOF, the parties have executed this Amendatory 

Agreement as of January 1, 1977. 

MOBIL CHEMICAL COMPANY 

·--r 1T 
By: --------------------------
Title: 

~-

--------------~------A= foo 1oo? -

Date: -----------------------
~ ::::.. 55 DO 61() ~ 

(_::::- t> ') 0
1
0()-·0 VERTAC, INC. 

b ,;:...- 0 VOl <..--em 

~ D S"(J(j / I)U{) 
t: -·. 

By: --------------------------
Title: 

--~------------------

Date: 
----------~----------~ 

EAGLE RIVER CHEMICAL CORPORATION 

By: --------------------------
Title: ----------------------
Date: 

----------~----------~ 

, 



APPENDIX B 

1. Mobil shall pay Contractor $0.~66 per pound of NBE delivered 

hereunder which meets the specifications set torth in Ap­

pendix A. 

2. With respect to each calendar month in which Mobil takes less 

than 400,000 pounds of NBE, Mobil, ~~thin 45'days after the 

end of that month, will pay Contractor any amount which re­

sults from the following calctilation~ 

LA - (B + C + D)_l X E = amount payable 

Where: 

A = 

B -

c = 

D = 

400,000, 

number of pounds of NBE taken by Mobil 

in that month, 

number of pounds of NBE.which Contractor 

would have produced at the yields set 

forth in Appendix D but failed to produce 

in that month, 

the sum of the following: (1) number of 

pounds which Contractor is obligated td 

deliver hereunder in that month (based on 

the yields set forth in Appendix D) by 

which Contractor fails to deliver, and 

(2) number of pounds which are not 

delivered or received or which Mobil 



canribt use in s~id month on account 

of the cirdumstances describ~d in 

section 18, 

E = $0.123. 

3. Amounts paid by Mobil pursuant to paragraph 2 above will be 

credited by Contractor against futuie invoices at a rate of , 

$0.123 per pound fo~ all pounds of NBE in exces~ of 1,500,000 

pounds taken in a~y three c~nsecutive calendar months. Said 

c~edit will be appli~d against the first invoice(s) to be 

rendered after the end of suth three-month period. 

4. The fee payable pursuant to paragraph 1 above with respect 

to deliv~ries in each calendar quarter will be increased or 

decreased, as the case may be, by the cumulative effect of 

the following: 

a. For each increase or decrease of $0.10 per 

hour, . off a base o.f 4 =--- per hour, in the 

weighted average wage. rate of hourly employe_es 

at Contractor's West Helena, Arkansas facilities 

during the immediately preceding quarter, the 

fee will be increased or decreased by $0.0007 

per pound, fractions in proportion. 

b. For each increase or decrease of $0.01 p_er 

KWH, off a base of /KWH, in the ------' 
power rate payable at Contractor's said fa-

c:j..lities during the immediately preceding quar-:-

ter, the f~e will be increased or decreased by 

··- -- · ·-·---$0.0046 per pound, fractions.in proportion. 

2 

• 



5. 

c. For each increase or decrease of $0.10/M lbs., 

off a base of /M lbs. 1 in the weighted 
----1 

average cost of steam at such facilities during 

the immediately preceding calendar quarter, the· 

.fee will be increased or decreased by so~ooo3 

per pound, fractions in proportion. 

Contractor shall maintain, for a period of one year after the 

period to which they relate, all records relating to the fee 

adjustments referred to in this paragraph. Mobil, on 15 days 

advance written notice, may inspect Contractor's records for 

the purpose of determining the appropriateness of any fee ad­

justment proposed by Contractor. If Mobil disputes such ad­

justment and the parties are unable to resolve such dispute 

then Arthur Young and Company shall be given access to Con­

tractor's records relating to the disputed adjustment and the 

determination of Arthur Young and Company with respect to· 

the dispute shall be conclusive and binding on the parties. 

If Arthur Young and Company determines that the adjustment 

proposed by Contractor is appropriate, then Mobil will pay 

for the services rendered by Arthur Young and Company, other-

wise Contractor shall pay for such services. 

In the event governmental action or inaction prevents or sub-

stantially impedes Mobil's manufacture or sale of the herbicide 

which it produces from NBE, Mobil may terminate this Agree­

ment on 30 days written notice to the Contractor. 

3 

, 



APPENDIX D 

TO AGREEMENT 

BETWEEN MOBIL CHEMICAL.COMPANY 

AND 

EAGLE RIVER CHEMICAL CORPORATION 

MADE AS OF 
I 

l_JAN. 1977 

NBE RAW MATERIAL YIELDS 

Usage per pound of 83% NBE: 

95% CBE 0.820 lb •. 

EDC .. 0.095 lb. 

H2so4 0.840 lb. 

HN03 0.330 lb. 

NH3 0.050 lb. 

·' 



~~.; 
i?-fi) ~ ~ _ s s -cur .it ~ 
Nftt ti.},WA ~ - rf~· (.J~~ 
'YY) ct;kt:V>-r..,d ~ - ~ -
ma~;~ ~k ~ /r/p 

11 u-d_ ~ -t~ 
HrbtJi- 1. o JJOO /d tH 
/{N o 3 2o. ooC> 1~ OJ... 

PIU?bd (;v ;u) - ~~ <!!>& c::r ru -es- ~& 
6 J)C S7 ' .v -"- /0 ~ 0 0 ~&12- cs 

s ~ a J. s ~r·' f.z; 1 ()Pi:' 1£t ~) 
(N!I-r)z- Sc:v (;~ 2o,tPP~ 1a-L CS 

Nl-/4 ([) (../ ~~ Z ooo /a G S 
t~-vla.. .. ~ 1- t)t.O({) rtd ss 
fh StJ4 ~ ~ ;ooo 'l~ as 
JfN03 ~ ~ I N:>t:J ~ 1ft 



, __ ,'-'-~__;·':::c.'..:....;' L-=-._' _• _, _' ,_.,_,_,_. r_.c._L'_'_v __ -..::::..--_j._\. .' ·.( f L ( / )L/ I L__ L ( \.) / 7-)5"-?? . ' '.-, 

.. ·~ / -- '('/ .TE M 
_/: 

'SERVICE . ___ __._ __ IS~I=Z=E-==----'----~IVJ--!....::..O:....:.?'-€~;;_:;...::..:a:,..::L:::_ 
. \;:,· 

........ , 

A.-IV/10/ 

14~Mf02 
I 

€-NIO/: 

\rcocror 1/1/-L!NeMIXER G11 01011'/EIEK \S\5. 
.. 

: !Nf!40H IN-LINE H!XER._ 2 11 D/0 /1-)0~/C . 
' ; I ; ; ' 

: R.>(f/ COOLER. : . ' 1 8S..Stfr2 Q/"Eq 
.. 

-301-s'S !TUBE<$ 
C$ ·IS'HeLL 

.:3D1SS TL-1 dE 
-~'-SHELL 

Cl5 Tt.IBE 
cf-. \S fiE LL 

,E_-/V/101-. .,\SY/'f;Dj:JE£ NEofE£ 

_t; -f/J (a5. ::YET II)I)E/' I? q:f"'TER. 

3/0 /fZ 0/"E<:J 

6 11f5 'X 6.5 11 ia/29 
$''¢X 19 11 La1:J 

G04 SS TU<i'E <f-.ShELL 

c!S TUB€ e-~f.kLL 
.~v& 1

: CONDc00S~ : ·· 

E-M/06' RE.aCIOR_. TW 
·.HEO/E.R... 

~-Mio(. Pr'oducf·Sc;;·9e 
o,B,~G. ..F'011ELCOIL ·. • 

v-:/110/, 
; ~ : : ! ·' ; t .: 

lv1-MIO/ I 
, ' I 

./66f2. 

22 11 'X !19'1 Eac~ 
\'>V' L 

. 2 Sfo:JE - 20n11111 
• H::J VOCC.f{/IY) 

l5f/P ·75RPII7 

cs 

cs 

;·I 0 fl P 6B RP/VI Sf,'ft~J -l(l/'tf;I1-E-

P-1-/101: I-/2S04 HE7Cf'ln..:J ;o -:-S 9 PrY) ~ /00 PS 1_3 . V;t-cYJ ri1C?ph«lP 

II ' 1/ I I It ' 

P7 HI02.; IINO~ H6.TcR!rYJ. 

P-:-H /Q..3j .. · EDC -1/YJ~-;s/Ef.l . · ...SO.:JPrYJ@ ·e5 Fr i 

P-Hio1- l. ~-xt;.ro,cfo~ rr/~: I • 4,0!Jprn @Bo:/r: 

P-i-/105: l :-sPovt: OCID :/I 1( j 
I ' 

P~/Vl/66: ) .0/rJ, Sc:;LfoTE: 1' Y, 
. ' 

P./0 107 · Rc..acra£ Orcul_qtlo!\j: 

P-:A-/108. 

P"7 H!09 c 

fA-t-/ 110 

II · If . f/ ('.ff<7~) 

Prodcu::.>f\Sc(;<]E • I ' 

j/20 3?1YJ &:.' 8-.)j'&.: 

: oo 9 prn€. Bq_fr: 
i . 

' I I ' II 

9S 9P/Yl@ /20tfl-

26 o .:;pm(3;zojr. 
I 

-3S:Jpn? @\Jstfr-1 PHil/ 

P-HI/2 

: \Sfr(PjJE~ O~a;L.of!ol) : 

! /!]te/'}acE :frOIJ·s;jcf1.: 
' ; ' I ' J i 

>o._:;p~'~J @3c})l-· ED C: lJ~tJ/1 'j)c_!/);p 

. P-HI/3; 
' 

, 1-/ N03 frq;1St-Ef' : • I ...so SfHYJ @ 8o0 r 
I 

P-HI/4 I 

' . J.iz tS()1 ; II . Jl ; -so::;p~rJ @.f6otfr 

II I I II I/ 

C.\S 

.ss 
GS. 

GS 

\SS 

, IJ'S 

'SS 

\S:..), 

0\.r ' 

..ss 

I ! 

I 

' 



f:· ,•, 

n ~ 
' ' 

::~] 
·sJ .. --~-~ 

~r; '··!'!· 
; ~i 

~ ·~1 ~-· .... 

. '• 

' 
·'. ... 

':' 

;·· 0 

\SERV ;cG: _ _.:::\S::..:..;..!::::z::::::E=---· ______ 1{_/?:._·,e,W~E-lc:._.t~oL!L==....._ 

P-:H/16~ 

"I:S-HIO/ 

>..S-H/02.. 

: CoCfc:_ Br"JIIG: · · G'003p1--1@ ?o tfi- i -ss. ·. 
i 

.1 ·,·rre;(ln/n n//1. J;..J /..0 .. 11'.. _...,~/''V£tll .1: yq,~tc76Y.f-. Y. ,,._JI t. 
'-JC I. fL I (.l c.;;/ '!/ ( TO.v ,CJ:Opr;/,<7/Y) 

··:,1m,. St;tf'Qr6~Sr/Q/I)c:e.! 2 "¢ · · 1 \S\5': · 

T-!110/ 

.~f-/102. 

,1-:-H/03 

{-/1104. 

7=-HIO.S. 

.T-1--/ I 06 

"F.-HI Of. 

('. /I ' flt:.-1~ ! '609p!-f@. lOPS'/ 1'-Rf' 
l-/zu01 Dq_y: TQI'?k IOCJO 3ccf ! GS . 

i 
HN03 Day Tc7/J,~ : 
I . 

I .Gx-r~oc7a/G 
' I 

;ooo 9a( 

3300 ga_f? 
.I l zooosa.J2: / 

:<SPE.A/TO'C!D 0'-lon-yc- i IC?ooo 3a(! 

.Am, SU ifC7 /E -sroiYI.JcE:- : I a coo 3 a_C 

!NI-/1tJII 8L6VJJ tc;N'K_ .. : 2ooo ga_fl 
I 

I Q_f7. 
I 
I 

i c..s ·~ 

i~ 
I 
i C'_..S 

:GS 
I 

'OS 
i 

r~Hito, >1215'{)1 -stom:;E: 
. I 

j 2C) 000 :;;aP-
. -

I 

7-:H/08 .. J ~~~~· i.S'fol'a.:J6 

T-f-1109. 
. . . 

R-HIO/: 

\/- f-/10/; 
I 

.V-HIDZ: 

I ' 

! 

. ' 

·, ·' 

I 

' '. 
' 

I 

I . 
I 
I 

6:11-J c fJ f? /) r:!) .JC I l'l f!:J ' 
I 
A/;T!'qi;o;J K.cqC-/or/ 

·t.J1-:r;p;JE/': VessEL: 
I . . . I : : 

Pmc/ucf.-Su~;;e 

i ' 

I I 

. i L 
I .: 

; I 
; I .: ' ·! .·, 

I \ 

! I 
; 

1. I I 

. . . 
. ' 

' . ; 

!· 

. j i 

; .. i 

.. ; 

! 

. 2C> CJO 0 (J a_{) 

Goa·ooac? 

. 3600 :JCl.k! ---
; 2260:J0.-6 / 

·. C:Jooo sa£? 

.. 
,, 

I 

c:? cyJ c /' c fc:: 

3c4\S~ / 

GD:I.:S'-S 

i. 
I 

! 

CI..S 

! . 

i I 

I ' 



i 
I 
I 

. .J 

qrJ--0Lcv_;J7-

tfcM'i ~ 
/2Pa4taur/) 

OYJ 

Cc ~ko/ 
81!(_ 

~Pf 

~ 

Pcrtcy/ 

~:~'-':·~ ~ ~·.:. .!:~( '!!"'.~~~-~;!{•":'.;": ~:';)1' ...... ~- ......... :-· 'l"""'-""""" ,., ... ... .. . ~·· ---~-- .. -"" ............ ~ ... :·,.-·.,. ~~ -· --......... ":""'.--:-

,}::2r;;:,);~~t~J.~:;7;~!~;~~(~~:::-:·,1,·.:(t-~--~'- :.:. 

~~~~1;;f~~j~~t~~>I~f·~~t~~ 
: 

I 
i 
I. 

···;. 

t . , ... : ; ~·:;:~~:.~.,.:: -~~;~~:;:f:(;;;t~J~1;fS;; i .._·,; '. ":_.," l.CJ·\ ' \ ,_ ~ :' ~ fo~ 

-·.:~,-.;~ .. ~?·.:.~:~·;·;? 
·~. ,· 

.:.·:·~ . 

:-:.•• 



(~. 

·~ 

0 .. 

BP.TCH i~ITRATION \EXPERIEf\!CES 
. ___ ..., 

Failure to follow fundamental procedures for safe process control can 
lead to an unstable system. Here's-. how the effects of tempe'rature, rate 
of addition and ratio iof reactants can cause explosions. 

T. A. Ventrone 
American Cyanamid Co. 

Bound Brook, N.J. 

Jn recent years nitration experience has considerably im­
proved, very probably from better understanding its problems. 
But the hazards in this process have yet to be mastered com­
pletely. There may be fewer nitration explosions today, but 
they appear to be more severe. 

In the earlier part of. this century, and back to its inception 
as .a process, nitration had become ~n awesome word. It was 
gcnerall/ conceded· that every nitration reactor would sooner 
or later be irn:olved in an explosion, or at the very least, a dis­
turbiiJg though less serious upset. Considerable pride was ex­
hibited over a reasonably safe record. Virtues were attributed 
t-o homemade safety procedures where credit should actually 
have gone to good fortune. However, much experience was 
gathered and certain basic considerations were developed for 
safe practices. Among these were: I. limitizing the reacL-mt 
amolwt by controlling the rate of addition; 2. intcrlockirig 
reactant feed with temperature; 3. interlocking reactant· feed 
with agit3tion. 

Evidence of early recognition of some of the explosion 
causes lies--in a i 919 New Jersey Dept. of Labor Safety Stand­
ard for the manufacture of nitro and amido compounds. For 
whatever the signi_ficance, it w~s printed at the New Jersey 
Reformatory. Here' are three paragraphs from that standard: 

"The nitrating tank shall be fitted with a safety 'device so _ 
that- the faucet of the acid tank cannot be opened until the 
stirring apparatus of the nitrating tank has been put in mo­
tion. This rule is due to the fact that if a large quantity Of 
acid accumulates in the bottom of the nitrating vessel {due to 
its not being constantly stirred) a powerful chemical reaction 
will occur when the stirrer suddenly starts up, and there is 
sudden combination with the benzol." 

(Although the rule appiies to all nitrations, the specific 
reference to benzol would indicate. this to be the most promi­
nent-of the nitration problems in the New Jersey area.) 

"The protruding_ end of the shaft of the stirring apparatus 
shall be fitted with a pendulum or similar device, so that per­
sons in charge may, from a distance; know that the stirring ap­
paratus is actually in motion and keeping the mixture con­
stantly agitated, thus preventing undue generation of heat." 

"The nitrating vessel must be equipped with a large pipe 
(which is to act in the cap;'lcity of a safety valve) extending 
through- the roof, and provided on top with a suitable arrange-· 
ment, which while keeping the pipe closed ordinarily, ·will 
open when a dangerous pressure develops in the nitrating 
vessel." 

The importance of agitation 

Here is document a lion recogni7ing the importance of agi­
tatioil induding the need for an interlock with acid feed :!nd 
the 'need for a large vent. 

In the mJ.nufacture of nitroglycerine, agitation was rccQg­
nized as critical enough to require auxiliary power. An elec­
tric motor generally provided the J:.>rimary motive power with 
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backup from a small steam engine. In some cases, arrange~ 

mcpts w_ere also made for manually rotating the agitator. 
With reference to agitator interlocks, earlier ones were sim­

ple electrical connections and only functioned if power went 
off. It was found th~y could fail to protect against agitation 
Joss by a broken shaft or by blades falling off. This obstacle 
was circumvented by the simple expedient' of connecting to an 
ammeter. If the load on the motor reached the·]ow setting, in­
dicating loss of agitator blades or a sheared shaft, the feed 
pump could be automatically stopped. This system is also not 

-fool proof in that the setting is a tricky one. There is still need 
for a good safe interlock. 

There have been m;my explosio~s invoking agitator stop­
page, but to mention them here would be anticlimatic. 

Another frequent cause of difficulty is. temperature control 
failure. This- may involve low temperature, high temperature, 
cooling system failure or the temperature e.ffect from los.; of 
agitation. 

There are obvious dangers to- combining reactants at too 
low a temperature. The reaction proceeds slowly building up 
the amount of unrcacted material ayailable for rapid reaction 
as the ultimate re;Jction temperature is approached. Loss of 
agitatic>n -results, in the same arrang_emcnt and can be caused 
by seizing of the shaft, electrical failure, or even falling off of 
blades. The records show ample evidence of explosions from 
each of the$e primary causes, and observing these basic con-
siderations has done much to reduce tile ___ problems __ that_ 
occurred. -'- ---- --------- ' 

A double ris~ 
I 
'l 

Risky as it is to shorten addition time or to vary the tem­
perature, it is doubly risky to do both. One case involved a 
process which had gone through research and during. early 
process development work the nitric acid addition rate and 
reactor temperature were· 5tandardized. After· scYeral b:~tchc~, 

and for some unJmown reason, the acid was added in half the 
time while the intermediate in the reactor- was several degrees 
colder than previous operations. The delayed reaction at lower 
temperature permitted an accumulation of reactants_ that the 
cooling system could not handle. An explosion resulted. 

Jn another situation the solid intermediate was added, 
through a feeder, -to nitric acid at a rate that would allow 
the brine cooling to maintain Tf~action temperature. The brine 
pump was to be shut off at the beginning of the reaction to 
prevent lowering the reactor temperature below l0°C. The 
brine pump pilot light had been acting up and repeated main-· 
tenance efforts faiicd to keep it operating for. any extended 
periorl. When the opera tor misread the thermometer, it wa:s 
actually·-·(0°C (a result of unnoticed brine pump opcr<trion) 
and the intermediate feed .was started. Because of the low 
temperature, the intermediate feed. proceeded .at a fast rate. 
Eventually, the quantity .of reactants reached a point beyond 
control and everything came out the open manhole. 
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'.;'-,_, r.· drive upscale if the thermocouple is destroyed for one rea­
son or another. In doing so. it reaches the presef'!Jigh tem­
'per~ture limit alarm point, and an alarm sounds, an'd a red 
signal !ieht goes on, and feeds shut. off. 

Obviously if the reverse ·occurred, the operator would be 
inclined to i.ncrease the feed rate. A complete 'power failure 
would just render the recorder useless. We therefore back 

·up the recorder with a ~imple therrno·electric indicating 
thermometer. Essentially, ·then, we resort to the same 
safeguards. as previously stated. And of course we are pre­
pared to quench the batch in the event an unusual condi­
tion develops. 

A particularly hazardous nitration mixture is one consist: 
ing of acetic anhydride and nitric acid. An interesting ref· 
erence on the explosive nature of this mixture appeared in 
the following journal: Chemistry in Britain, Volume 3, Num· 
ber 16, November, 1967. The article appeared in the cor-

· respondence section. I think if you v;-ould refer to 
the article, the authors are listed togetl1er with the original 
reference work. 

The foilowing table is worth noting. Tlie compositions 
represent per cent by weight of nitric acid in acetic anhy­
dride mixtures, and I'll also quote the comments concern· 
ing the behavior corresponding to the various mixtures as 
stated in the article .. 

% HNO_, in Mixture 
26% 
41 
50 
55 
60 
70 

Behavior 
Did not detonate 

Detonated .. .. 
Ths-·· lower limit of safety is considered to be approxi­

mately 50% nitric acid in the mixture. The investigators did 
not study the. safe upper limit, but they expected it to be 

, in.the neighborhood of 85%. 
A most important consideration, and it cannot be stressed 

too strongly, is _that in preparing concentratioMs below the 
lower 50% limit, the nitric acid must be adued to the acetic 
anhydride. Ancf it should be added with good agitation and 
cooling. For concentrations above the upper 85% limit, the· 
acetic anhydride must be added to the nitric acid; that is, 
you must do it in the manner described if you wish to per­
form the operation safely by avoiding the detonable con­
centrations. 

After the few incidents we experienced at Givaudan our 
nitrators were completely redesigned. The vent stack, which 
is 24 in. in diameter,· is now nearly as large as the reactor 
itself. More important, we have revised our method of feed­
ing. We now resort to alternate feeding of the organic and· 
the nitric acid, with the acetic anhydrid.e added to th_e re­
actor beforehand. 

By so doing -there is never present a great excess of the 
acetyl nitrate, .which is the nitrating agent in .this instance. 
In concfusion, with the interlock system, large vent, and 
the revised procedure, a high degree of safety is <:~ssured. 

VENTP.Oi~E: Docs anyone know of a good agitator interlock? 
JOE SIMS, Union Carbide: We have a simil<:~r batch proc­
essing problem where we have to worry about the inven­
tory of reactants during ethylene oxide addition. We have 
an ammeter on the agitator motor with high and low lim­
its clamped around the normal operating point. In cases 
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such as ours. whe~e th~. vis~.os_ity varies significantly dur­
ing the batch' cycle, the .iJmmeter limits must be set rather 
.far apJrt; but where. viscosity does not pose a problem, 
this method provides a. useful monitor of the agitator power 
input. 
VENTROtiE: That's right. We often use an ammeter but it's 
very touchy to get it set; unless the agitator blades fall ott 
you don't know just how much of a load change that's go-
ing to give. I'm looking for something better than that. . 

The following information has come to my attention 
since tile meeting: 

Detection of· absence of agitation in critical reactors is 
still 'best done by monitoring the agitator motor electrical 
load. This is often done with a low current (Ammeter) 
alarm, but a low power (Wattmeter) alarm is best. · 

Because of low power factor (particularly on oversized 
motors}, no-load current is a high percentage of normal cur­
rent. No-load power is a smaller percentage of normal 
power and the cut-out can be set to a lower value without · 
interfcrring with normal operation and more easily detect 
an abnormal low load (like loss of an agitator blade). 

· Q. Would you care to make any comrner:Jt on the means of 
cooling a large nitrator when the jacket is not enough and· 
cooling coils have to be used·, getting water through the 
coils, tile danger of getting water into the mixed acid, and 
that hazard. · 

VENTfWNE: I'm glad you brought that up because that was 
one of the questions I wanted to ask the audience. As far 
as cooling is concerned, for a long time we thought we had 
to keep water out of the batch; that we had to pull the wa· 
ter through the system, so there would be lower pressure 
in the coils than in the nitrator . 

It was interesting to note that in a more recent process 
design, we decided to go the other way. I wi:Js asked why 
we might have been concerned, and the only thing I can 
speculate is that water in the batch might further dilute the 
sulfuric acid and add to the corrosion, or the possibility that 
additional water would prevent the sulfuric acid ftorn do-. 
ing its job, which Dr. Albrecht might like to dispute, but I 
assume the sulfuric acid is there to take up the water from 
the reaction and not further dilute the nitric acid. 
E. J. FRITZ, DuPont Co.: We have had this happen, where 
water has leaked into the reaction mass, and you will find 
-at least we did-that the reaction of the water with the 
nitrosyl sulfuric will generate a tremendous amount of 
fumes immediately, which will alert you to this situation. 
You can shlit down right then. We have had no other effects 
from it, except that we had to repair the unit again. 
Q .. In what Ted said, l gather you're concerned with detona­
tion and nothing less than that. 
VENTf10NE: Not really. I don't think we're that concerned 
about a detonation, but maybe from wl1at Bob VanDolall 
says we should be. No, we're more concerned about a sim­
ple runaway reaction developing pressure and, surprisingly 
and disturbingly, lately we found some that develop up to 
3,300 lbs. In this particular nitration accident, we had rea­
son to believe it would take 2800 lbs, to cause the damage 
which occurred. 

That's a lot of pressure when• you .think in terms of the 
normal igniticn of a flammable mixture in a vapor phaSe 
developing ten atmospheres. We don't generally get into 
detonations. I hope we don't. 
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There are instances when nitrations have to be driven to 
completion by raising ·the temperature after adding all reac­
tanu .. ·· Explosions or foamovcrs occurring during faster than 
normal heatup would indicate decomposition or unknown side 
reactions, occasionally at only a few degrees higher than 

normal. 

Some complex: reactions 

These situations ha\·e occurred during relatively simple m­
trations. Less is understood· about . more complex reactions. 
The following incident is an example of such a complex situa­
tion invoh·ing a change in rc<J.ction rate due to reactant un­
babnce. 

An unbalance in a reaction system resulted in rupture of 
a 500 gal. I 00 Jbs./sq. in. design glass lined vessel. The head 
and agitator assembly landed 520 ft. aw;>.y, and the reactor 
body was blown do~vnward from th(;' third floor to the first 
twisting 14 in. !-beams on the way. Building and equipment 
damage was limited to one 20 ft. x 20 ft. bay. There were no 
personnel injuries. 

The process consisted of adding the intermediate slowly 
over three hours to sulfuric acid at 15-20°C .. with cold brine 
in the jacket. Mixed acid is charged over fi,·e hours at a tem­
perature of 17-20°C. The reaction mixture is heated .to SS°C. 
with hot brine in the jacket. Brine circulation is stopped at 
40°C. and the temperature rises to 55°C. at which time cold 
brine is applied to cool the mixture. 

Safety features included: 
1. Mixed acid charging through a two quart weir box ·with 

constant head maintained by pump (overflow returns to 
the m::-asuring t:mk). High temperature ~or .low load on 

.the motor (indicating loss .of. agitation) would s.top the 
mixed acid purrp with only two quarts of acid left in the 
head tank to en'ter the reactor. 

2. Dual_ temperature recorders with thermocouples in sep­
arate wells. 

At the time of the accident, the batch was in the heatup 
cycle. Hot brine had been shut ofi at 40°C. Within a few 
minutes the operator noticed fumes coming from the nitrator. 
He tried to tum on the cold brine but was unable to reach the 
controls because of th,e fumes. 

The operator left to summon aid and a few minutes hter 
the· explosion occurred. 

Since the process appeared to be normal in all respects up 
to the· time of the explosion, a check w"as made of all compo­
nents entering the reactor. 

More add in the tank than expected 

1 The intermediate containers were checked and both quality 
and quantity were satisfactory. A similar check of mixed acid 
cleared it for both quality and quantity-. Sulfuric acid came 
from a storage tank and the' quality was satisfactory. How­
C\'er, there was more acid in the storage tank than anticipated. 
Records of outages in the tank following previous. batches 

-checi<ed with the amount of acid to be charged to the proc-

ess. The outage for .the batch in question was only 2/3 of the 
required acid. 

Sulfuric a(id is pumped from storage to a head tank to a 
specific reading on the gauge glass. The gauge g·lass· did not 
extend to the bottom of the head tank arid the volume below 
0" on the gauge held 570 lbs. of acid. If the tank contained 
more acid than. needed, the excess was drained off through a 
bypass line, between the measuring tank and the nitrator, bac_k 
to the 5toragr. tank. .. 

The procedure after loading the head ·tank to the required 
level was to open the bottom valve and dump the acid into the 
reactor. lt is now obvious that this system could allow some 
acid to return to storage unnoticed if the bypass valve were 
open. 

During investigation of this explosion, there was a systema­
tic review of all the factors involv.cd ·in the process, changes 
or variables that had been noted, possible causes and expected 
effects from these causes imd finally checking fully the most 
probable cause to be certain of its effect. This indicated the 
sulfuric acid shortage had caused the explosion and support­
ine. evidence was secured as follows: 

Laboratory tests performed with significantly less than the 
normal_ amount of sulfuric acid showed the reaction product 
to decompose violently in a steam bath with large gas evolu­
tion. 

Laboratory stability tests (differential scanning calorimeter. 
and gravimetric an?.lysis} performed on a ·normal reaction 
mixture were inconclusive but did indicate a possible exotherm 
above 150°C. 

Thern1al sensitivity tests performed in the standard Janaf 
Thermal Stability Apparatus confirmed an initial exothermic 
reaction with a normal nitration mixture at 90°C. with ~ sec-· 
ond ai1d more powerful exotherm above 130°C .. With low sul­
furic acid concentration, the initial exotherm takes place at . 
60° with an instantaneous rise to 140° where the second re­
action occurs-developing in the neighborhood: of 3300 lbs./sq. 

· in. gauge. 
The test data led to the conclusion that the unbalance in 

reactants changed the rate of reaction and caused the tem­
perature to exceed the normal 55°C. and at 60°C. the first 
exotherm took o~er. 

Any review of nitr~tion accidents would not be c'omple\c 
without including troubles outside the reJ.ctor. Explosions 
have occurred in vacuum systems where nitric ~cid, or nitro­
gen oxides, contacts organic compou~ds. Similar troubles can · 
be expected in feed lines and feed tanks used jointly for acid 
and intermediate, or from acid backup into intermediate feed 
systems. 

In summation 

Reactions should be .studied to determine the normal oper­
ating temperature, rate of addition and ratio of reactants to 
maintain a safe system. Tests should be conducted to deter­
mine the effect of temperature variation, changes in addition 
rate and unhalance in reactants. This information can then 
be used as the basis for process design and establishing safe 
operating procedures. 

Dnscussion 
·. STEVE SCALA, Givaudan Corp.: Ted asked if I would pre­

pare a statement .;ince we, at Givaudan, did have a few in· 
cidents with nitration. The nitration rnedium is somewhat 
different than those we have been discussing here. 

To begin with, I couldn't agree more with Ted's earlier 
statements which are worth repeating. 1 will quote them: 

1) limitation of amount of reactants by controlling tile rate 
of addition. 

2) Interlock o( reactant feed wiUI the temperature. 
3) The interlock of reactant feed with agitation. 

In conducting nitrations at Givaudan we observe all thre.e 
safeP.uards. I nlioht. ::.rlr< ih:1f t"''llr- tnrYo ..... ror ....... ·.: ..... ·--- --

1 
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Mobil Chemical Company 

Mr. John Miles 
Eagle River Chemical Corporation 
P. 0. Box 2648 
W. Helena, Arkansas 72390 

Dear John: 

February 6, 1978 

CROP CHEMICALS GROUP 

P.O. BOX 26683 

RICHMOND, VIRGINIA 23261 

TELEPHONE (804) 798-4291 

This will confirm our telephone conversation of this date regarding 
the release of UTLX 95668. The replacement car for CBE service is 
MOBX 11378. 

When ready to release UTLX 95668, please call D. L. Grueder, Mobil 
Traffic for destination for cleaning of cars. 

Any questions, please advise. 

cbm 

cc: D. L. Grueder 
Floy Williams 

Sincerely, 

F. L. Lattire 
Manager, Product Control 


